Evolution of the safety factor (q) profile during L-H transitions in Experimental Advanced Superconducting Tokamak (EAST) was accompanied by strong core crashes before regular sawtooth behavior.
Introduction
The macroscopic magnetohydrodynamics (MHD) instabilities in core are important for the global confinement of fusion plasmas in tokamaks [1] .
The well-known instability is the sawtooth crash which periodically limits the core pressure [2] [3] , triggers kinds of MHD instabilities such as the neoclassical tearing mode (NTM) [4] [5] , and redistributes energetic particles or impurities etc [6] [7] [8] . The sawtooth crashes were regarded as self-consistent evolutions of the plasma current density, pressure or/and safety factor (q) profiles, periodically modifying the stability boundary of internal kink mode around the q=1 rational surface [9] [10] [11] . Depending on characteristics of sawtooth crashes, two different mechanisms, such as the magnetic reconnection and quasi-interchange models, have been proposed in last years [12] [13] . It was generally assumed that the nonlinear development of m/n=1/1 kink mode (m, n are the poloidal and toroidal mode number, respectively) eventually trigged sawtooth crashes [14] [15] . In experiments, the active control has successively suppressed sawtooth oscillations by means of heating or current driving [16] [17] [18] [19] [20] .
In recent years, it was reported a so-called long-lived mode (LLM) of 3 m/n=1/1 which was saturated and did not trigger sawtooth oscillations in MAST [21] . The stability analysis indicated that it was an ideal kink mode with a flat q profile in core, a q-value near or above unity (i.e., weak or reversed magnetic shear) [22] . The above characteristic of q-profile probably leads to a non-resonant kink mode, meaning the mode is not localized at the q=1 rational surface [22] [23] [24] [25] . As far as the q-profile relaxes, this long-lived mode resulted in normal sawtooth crashes and standard sawtooth behaviors at the later phase of the discharges. In addition, there were also experimental observations of snake-like kink oscillations, in the cases with and/or without sawteeth [26] [27] [28] [29] [30] [31] . Up to present, two explanations were available: the bifurcation of tokamak equilibrium states and the nonlinear MHD evolution assuming the density separation from plasma pressure [32] [33] . However, there are still many aspects contradicting each other [34] [35] [36] .
The kink modes mentioned above may have different destabilizing mechanisms, but the resulting perturbations locate in core either referring to sawtooth crashes or to long-lived oscillations, or to a seed island triggering NTM. The present experiment shows a similar structure of m/n=1/1 kink mode, but it is coupled with the m/n=2/1 tearing mode. In particular, it leads to strong sawtooth-like crashes (or big crashes) in the core. In what follows we describe a detailed observation of behavior of perturbations in Section 2, then discuss the existed models for crashes in 4 Section 3 and demonstrate a candidate explanation in Section 4, and arrange the conclusion in Section 5. 
Observation

MHD perturbations in EAST (
Discussion
It is analyzed as above that the dynamics of m/n=2/2 mode plays an important role for this category of strong crash. The whole evolution demonstrates that the q=1 rational surface is absent in plasma during the 
Candidate explanation
The absence of a reliable q-profile makes us explain the above 11 observations in a qualitative way. In this section, we only want to demonstrate how the m/n=2/2 mode changes the magnetic topology.
Based on the value of With these identifications, we can further check the heat conductivity which was derived as follows [39] It is important to note that in the present case the tearing mode (m/n=2/1) has its rational surface inside the plasma and there is no rational surface inside plasma for non-resonant kink modes (m/n=1/1 and m/n=2/2). This situation is different from the standard sawtooth crash where the q=1 rational surface is always inside the plasma. To demonstrate the dependence of the magnetic topology on the center safety factor 0 q , we show several snapshots in figure 11 where the figure 11(a) is the repeat of figure 9(b). It is observed that the braiding takes shape in 14 figure 11(a), exhibits the m/n=2/2 island structure which is isolated from the stochastic region as the center safety factor decreases in figure 11 (b), and becomes a clear island with the stochastic regions further shrinking at figure 11(c) . Further more, stochastic regions fully disappear when the m/n=2/2 mode is absent as seen in figure 11(d) . This again illustrates the significance of m/n=2/2 mode for the strong crash. At last, it should be indicated that scanning the shape of m/n=2/1 mode in a reasonable range does not change the above results.
Conclusion
The m/n=2/1 tearing mode was destabilized and phase-locked with the m/n=1/1 non-resonant kink mode (the center safety factor is larger than 
